We report the measurement of sin 2 θw in νN deep inelastic scattering from the NuTeV experiment. By using separate neutrino and anti-neutrino beams, NuTeV is able to determine sin 2 θ W with smaller systematic and similar or smaller statistical errors when compared to previous neutrino experiments. NuTeV measures sin 2 θ W (on−shell) = 0.2253 ± 0.0019(stat.) ± 0.0010(sys.), which implies M W = 80.26 ± 0.11 GeV/c 2 .
Introduction
Neutrino experiments play a key role in establishing the validity of the electroweak Standard Model. Even today with the large samples of W and Z boson events, precision νN experiments are still competitive in determining the electroweak model parameters and also show that the model is valid over many orders of magnitude in q 2 . To date, neutrino experiments have used the Llewellyn Smith 1 relationship to determine sin 2 θ W . 2, 3 However, the dominate systematic error, the experimental determination of the effective charm mass, has limited the precision of these measurements. Paschos and Wolfenstein have shown that if the neutral and charged current cross sections for neutrinos and anti-neutrinos could be measured separately, then the ratio
(where
L,R = the sum of the squares of the quark couplings, and the relationship to sin 2 θ W is a tree level relationship only) eliminates the effect of the sea quarks on the determination of sin 2 θ W and, hence, the majority of the error from the mass of the charm quark. To make such a measurement was a goal of the NuTeV experiment at Fermilab.
NuTeV experiment
In order to measure R − , the cross sections for νN and νN scattering must be measured separately. For NuTeV, we designed and built a Sign Selected Quadrapole Train (SSQT) which selected the charge of the mesons that were directed into our decay volume, and, thus, selected whether neutrinos or antineutrinos hit the detector. The fluxes of neutrino varieties in neutrino and anti-neutrino modes are shown in Fig. 1(a) . The wrong sign contamination fraction was less than 1 × 10 −3 in neutrino mode and 2 × 10 −3 in anti-neutrino mode. The electron neutrino contamination in the beam is a serious background in the determination of R − . The majority of ν e 's come from charged kaon decays which can be kinematically related to the high energy ν µ spectrum that comes from the same particles. The design of the SSQT greatly reduced the contribution of the neutral kaon decays to the ν e flux in comparison to other experiments.
The NuTeV experiment used the refurbished CCFR iron calorimeter and toroid spectrometer that is described elsewhere.
5 Data were collected during the '96-'97 Fermilab fixed target run. Charged current ν and ν events were differentiated from neutral current events by the length in the calorimeter over which energy was deposited. Long events indicate the presence of a muon and are classified as charged current events; neutral current events only contain a hadronic shower and are therefore short. The length distribution for neutrino and anti-neutrino events is shown in Fig. 1(b) . A detailed Monte Carlo program was used to determine the contamination of neutral current events in the long distribution and of charged current events in the short distribution. The detector parameters used in this program were measured using a test beam which constantly monitored and calibrated the detector.
Results
Rather than measuring R − directly, we chose to measure a "pseudo"
where α = 0.5136 was chosen to minimize the effects of the charmed quark mass on our result given the differences in fluxes and cross sections between the ν and ν modes. We varied the value of sin 2 θ W in our Monte Carlo until the predicted value of pseudoR − matched the measured one. The preliminary result from the NuTeV data is The small residual dependence of our result on M top and M Higgs comes from the leading terms in the electroweak radiative corrections 6 . The sources of the statistical and systematic errors for this result are given in Table 1 . 
(4)
This result is compared with other measurements of the W mass in Fig. 2(a) . It is possible to extract the NuTeV result in a model independent framework in terms of the left and right handed quark couplings. For our data
(Note the similarity of this with Eq. 1.) This result is plotted on the g 
